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SUMMARY

The effect of the parenteral administration
of vitamin B,2 has been observed in eight
patients with Addisonian pernicious anemia.

Vitamin B,2 in initial doses of 50 micro-
grams or 25 micrograms induced satisfactory
reticulocyte response and a return of erythro-
cyte count to within normal range in 60 days.

In only two of the patients were secondary
reticulocyte responses induced on a second
ijection of vitamin B12.

Concurrently with the hemopoietic re-
sponse, the bone marrow changed from
megaloblastic hyperplasia to normoblastic
distribution.
The paresthesias associated with combined

system disease as well as disturbances in posi-
tion sense and locomotor function may be
entirely relieved or greatly diminished fol-
lowing injections of vitamin B12.
Maintenance injections of vitamin B12 may

be from 30 to 50 micrograms at intervals of
one month, the amount depending upon the
individual case.

Vitamin B12 may be used without untoward
symptoms in patients previously sensitive to
liver extract.

N 1926 it was demonstrated by Minot and
Murphy5 that whole raw liver was effective in the

treatment of Addisonian pernicious anemia. Soon
after this, a search was begun by investigators to
determine the factor in liver responsible for its
effects on the hematopoietic and neurologic systems.
Cohn3 in 1927 produced an extract of liver called
"Fraction G" which became available for oral use.

This was a water soluble material obtained from
protein precipitation. The early preparations con-

tained histamine-like substances which limited their
parenteral use in patients because of their blood
pressure reducing effect. In 1930 a more highly puri-
fied product was produced which was first called
crude liver extract and contained one or twQ units
per cc. of extract.6 Within the past ten years, with
the development of more highly refined techniques,
such as salting-out processes, and reducing extracts
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to temperatures of an extremely low degree, a prod-
uct of higher concentration has been produced con-
taining 10 to 15 units per cc. of extract.7
The chemical formula of liver extract is not

known. West and others, after many years of study,
concluded that it was probably a polypeptide. Irre-
spective of this paucity of knowledge concerning its
chemical structure, there is evidence suggestive of a
close relationship between liver extract and the
vitamin B complex. WillS,14, 15 Wintrobe,16 and
others have shown that in certain macrocytic ane-
mias, large doses of yeast, a substance rich in vita-
min B components, will induce a reticulocyte re-
sponse followed by an increase in the number of
erythrocytes in the circulating blood. Studies under-
taken in our laboratory have shown comparable
results. However, with the isolation and synthesis of
each new member of the complex their ineffective-
ness in the treatment of pernicious anemia have been
established.2 It is to be observed in Figure 1 that no
increase in production of blood occurred after the
administration of riboflavin, nicotinic acid, or syn-
thetic vitamin B6, but that a response occurred when
the patient was fed 45 gm. of yeast daily.
The isolation and synthesis of folic acid (Pteroyl-

glutamic acid), a result of the cooperative efforts of
Dr. Yellapragada Subbarow, other investigators and
the research facilities of the Lederle Laboratories,
furnished, for the first time, a pure substance which
could apparently produce a hernatologic and clinical
remission in Addisonian anemia. Although hypo-
theses have been developed as to the probable phys-
iologic mechanism through which folic acid works,
its exact role in hematopoiesis is still a mystery.
One of the reasons for failure to advance knowl-

edge concerning the identity or specificity of liver
extracts and related substances has been the lack of
any chemical or biological test which might serve to
determine the potency of the fractions being investi-
gated. This has been accomplished only by admin-
istering material to patients with Addisonian perni-
cious anemia who are in relapse. Experimental data
is now accumulating to show that a bacterium may
be used to supply this deficiency. In 1948 Shorb9
reported the finding that Lactobacillus lactis Dorner,
when cultivated in a suitable basal medium, grew
when refined liver extract was added to the men-
struum. When assays of various commercial liver
extracts were carried out by determining the mini-
mum quantity that would support growth, Shorb
found an almost linear relationship to the unit po-
tency of the extracts. Recentlv, Rickes8 and his
associates have isolated a crystalline substance from
liver extract in the form of small red needles and
Shorb.10 who assayed its potency value for L. lactis
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Figure 1.-A case of Addisonian pernicious anemia. Components of the vitamin B complex given by mouth are
without hematopoietic effect. There was satisfactory response to 45 gin. daily doses of yeast.

Dorner, found that 0.000013 micrograms per ml.
was sufficient to produce half maximal growth of
L. lactis in a 23-hour growth period. With respect to
weight it was 11,000 times as potent as an arbitrar-
ily selected standard liver extract. This substance
has beetl designated as vitamin B12. West,'3 in 1948,
reported that vitamin B1.2 is of great value in the
treatmenit of Addisonian pernicious anemia. Further
reports substantiating the effectiveness of vitamin
B12 in the treatment of pernicious anemia have been
published by Spies11' 12 and Castle.>

During the past year on the wards and in the Out-
Patient Department of the University of California
Medical School, we have had an opportunity to
obs-orve the effects of vitamin B12 on the anemia
and neurological abnormalities of a group of pa-
tients with Addisonian pernicious anemia. The case
histories including the pertinent physical findings
and laboratory data are reported.

GROUP I

This group consists of four cases of uncompli-
cated pernicious anemia.

CASE REPORTS

CASE 1: A 70-year-old white male was admitted to the
medical service of the Out-Patient Department on May 24,
1948. He complained of progressive weakness, pallor, ano-
rexia, and sore tongue of three months' duration. During
the preceding four weeks he had become aware of some
exertional dyspnea and a desire to sleep a great deal. His
appetite was poor and lie was frequently nauseated. Friends
commented that his skin appeared pale and yellowish. He
denied consciousness of numbness and tingling in the
fingers or toes, or of instability of gait. There was no known
family history of anemia.
On physical examination, the patient appeared slightlv

obese, and there was a pale yellowish discoloration of the
skin. The sclerae was faintly icteric. The tongue was pale
and smooth. No other positive findings were elicited. Exam-
ination of the central nervous system was also negative.

Erythrocytes numbered 1,370,000 per cu. mm. with a
hemoglobin of 6.8 gm. per 100 cc. (47 per cent), and the
leukocyte count was 4,600 per cu. mm. The packed cell

volume was 20 cc. per 100 cc. of blood. The mean corpuscu-
lar volume was 145 cubic microns; mean corpuscular hemo-
globin concentration 34 per cent; and the mean corpuscular
hemoglobin 49 micro micrograms. The color index was 1.7.
The reticulocytes were 0.6 per cent. An analysis of the
gastric secretion revealed an absence of free hydrochloric
acid and pepsin which persisted following the subcutaneous
injection of histamine. Specimens of bone marrow removed
by aspiration of the sternal cavity showed marked megalo-
blastic and erythroblastic hyperplasia.
On the sixth day following examination, treatment with

vitamin B12 was started by the intramuscular injection of 25
micrograms.* The reticulocytes ebegan to rise on the third
day following treatment and reached a peak of 11.6 per
cent on the seventh day. At the onset of the reticulocyte
rise the patient expressed a feeling of improvement and a
return of appetite. On the 16th day following treatment,
the erythrocyte count had risen to 2,990,000 per cu. mm.
and the hemoglobin to 10.1 gm. per 100 cc. (70 per cent).
The reticulocytes returned to a pre-treatment level of 1.6
per cent. Examination of aspirated sternal marrow showed
a normal pattern. On this day the patient was given a sec-
ond injection of 25 micrograms of vitamin B,2 to determine
whether or not a secondary reticulocyte rise could be in-
duced. It is to he observed that there was a rise in the
reticulocytes from 0.6 per cent to a peak of 5.2 per cent.
Following this the reticulocytes returned to a low level of
0.4 per cent.
Twelve weeks following the initial treatment the erythro-

cytes numbered 4,100,000 and the hemoglobin content was
12.7 gm. per 100 cc. (92 per cent).
Although the need for continued treatment was empha-

sized to the patient, he did not return to the clinic for a
period of three months. On December 10 he reported to
the clinic because of a return of weakness. Erythrocytes
numbered 1,580,000 and the hemoglobin was 8 gm. per 100
cc. (57 per cent). Treatment was reinstituted with an in-
jection of 50 micrograms of vitamin B12. There was a repe-
tition of the reticulocyte response and a peak of 13 per cent
was recorded on the sixth day. Four .weeks following the
injection of vitamin B,2 erythrocytes numbered 3,500,000
and the hemoglobin was 10.8 gm. per 100 cc. (75 per cent).
On February 11, 1949 (eighth week) erythrocytes were
4,160,000 and the hemoglobin 14.5 gm. per 100 cc. The data

*Supnlied by Dr. Augustus Gibson of Merck & Co., Rah-
way, Newv Jersey.
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showing this patient's response to vitamin B12 appears in
Figures 2, 3, and 4.

CASrE 2: A white female, aged 28 years, was first observed-
in the Out-Patient Department in 1933 with a complaint of
weakness, palpitation, and dyspnea. There were no pares-

thesias. Aside from obesity, the physical examination showed
no symptoms or signs of clinical significance. There was no

clinical evidence of disease of the neurological system.
Laboratory studies revealed an erythrocyte count of 2,000,-
000 per cu. mmii.; hemoglobin content 54 per cent of nor-

PERNICIOUS ANEMIA NOI
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Figure 2.-Case 1. Response of reticulocytes and course
of blood counts on palrenteral injection of 25 microgranms
of vitamin BP,.
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Figure 3.-Case 1. Secondary reticulocyte response in-
duced by second injection of 25 micrograms of vitamin
B12. Return of ied blood cells and hemoglobin within nor-
nmal range in 60 days.

PERNICIOUS ANEMIA
NAME:,J.EA. AGE:70 (Re-entry)

D.A&TE aL.B.C. M's. RUT WEB.C. TRMATMENT

i2-10-48 1.58 57 Vit. B,, OSO0nq.
12-13-48 i.91 61 6.0 qiven LVM.
i2-14-48 10.8
i2-15-48 1.89 60 8.8
i2-16-48 13.0
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12-19-48 2.43 68-9.8 Vit.B 2.020mrngm.
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2-4-49 4.08 88-12.7 12,650
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Figur-e 4.-Case 1. Shows recurrence of anemia four
montlis after last injection of vitamin B12 but satisfactory
response of blood on further administr-ation of vitamin
B12.

mal (7.5 gim. per 100 cc., Sahli). Achylia gastrica persisted
despite the parenteral injection of histamine. The halom-
eter readin, (average diameter of the erythrocyte) was 8.3
microns; the saturation index was 1.31. Accordingly, a
diagnosis of hypochromnic macrocytic anemia was made. The
patient responded well to parenteral injections of liver ex-
tract. On the 25th day following the institution of therapy,
erythrocytes numnbered 4,100,000 per cu. mm., and the hemo-
globin content was 88 per cent (12.4 gim. per 100 cc. Sahli).

(It is of interest that in 1933 the patient's mother was
examined and f<und to be suffering from hypochromic
anemia. The erythrocyte count was 4,170,000 per cu. mm.,
and the hemoglobin content was 54 per cent (7.5 gm. per
100 cc., Sahli). The mother was reexamined in 1943 at
which time she showed the characteristics of Addisonian
pernicious anemia).
The patient refused treatment for about three years be-

cause of marital difficulties. On October 29, 1948, she was
admitted to the Out-Patient Department complaining of
weakness and dyspnea on exertion. The erythrocyte count
was 1,410,000 per cu. mm. and the hemoglobin 47 per cent
(6.8 gm. per 100 cc., Sahli). The mean corpuscular volume
was 170 cubic microns; the mean corpuscular hemoglobin
41 micro micro,rams; and the mean corpuscular hemoglobin
concentration 28 per cent.
The patient was given a parenteral injection of 50 micro-

granms of vitamin B12. Figure 5 shows response to therapy.
It is to be noted that within 24 hours the reticulocytes had
risen from 0.8 per cent to 7.6 per cent, and reached a peak
of 8.8 per cent in 120 hours (fifth day). The patient was
given another injection of 50 micrograms of vitamin B12 to
determine whether or not a secondary reticulocyte rise could
be stimulated. However, this did not occur. Erythrocyte
count and henmoglobin attained normal levels in 60 days.
CASE 3: A white male, aged 66 years, reported to the

Out-Patient Department on January 6, 1947, complaining of
epigastric distress. He stated that he had felt well until
seven or eight weeks previously when he first noticed a
vague soreness in the epigastrium accompanied by nausea
and some gaseous eructation. His weight had averaged 205
pounds until two months previously; at the time of exam-
ination it was 192 pounds. The patient was a normally de-
veloped, moderately obese man, in no apparent distress. The
positive physical findings consisted of a moderate degree of

PERNICIOU5 ANEMIA
(IN RELAPSE)
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Figure 5.-Case 2. Response of reticulocytes and blood
counts to 50 micrograms of vitamin B12. No response of
lreticulocytes occurred follow%ing second injection.
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PERNICIOUS ANEMIA
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Figure 6.-Cqse S. An injection of 25 micrograms of
B12 resulted in an erythropoietic response. Patient left
clinic before course of observation completed.

generalized arteriosclerosis associated with a systolic blood
pressure of 165 mm. of mercury and a diastolic pressure of
76 mm. The erythrocyte count was 4,660,000 per cu. mm.,
leukocytes numbered 10,360, and the hemoglobin content
was 100 per cent of normal (14.5 gm. per 100 cc., Sahli).
Gastric analysis showed a persistent achlorhydria despite
the parenteral injection of histamine. Stools were negative
for occult blood. Roentgenographic studies revealed no
abnormalities in the gastrointestinal tract or gall bladder.
The patient did not return to the Out-Patient Department

until October 4, 1948, when he complained of progressively
increasing dyspnea of four months' duration, anorexia, and
a loss of 35 pounds in weight. His family had observed that
his skin had become pale and sallow. There had been no
numbness or tingling in the fingers or toes, or soreness of
the tongue.

Erythrocytes numbered 1,000,000 per cu. mm.; hemo-
globin was 35 per cent (5 gm. per 100 cc.); leukocytes
numbered 3,500, and the platelets 150,000 per cubic milli-
meter. The icterus index was 10 units and the volume of
packed red blood cells was 15 cc. per 100 cc. of blood. The
mean corpuscular volume was 148 cubic microns; mean
corpuscular hemoglobin concentration 33 per cent; and the
mean corpuscular hemoglobin 40 micro micrograms. A speci-
men of sternal marrow was aspirated and examination
showed the presence of large numbers of megaloblasts con-
sistent with the diagnosis of pernicious anemia. On October
8, 1948, the patient was given an intramuscular injection
of 25 micrograms of vitamin B12. The subsequent reticulocyte
response and rise in erythrocytes are recorded in Figure 6.
At the end of 48 hours, the reticulocytes had increased from
3 per cent to 15 per cent and reached a peak of 19 per cent
at 96 hours. A secondary reticulocyte response did not
appear following a second injection of liver extract. Just
prior to the end of 60 days of observation, erythrocytes
numbered 3,280,000 and the hemoglobin was 85 per cent of
normal. At this time it became necessary for the patient to
travel some distance so that further counts were not ob-
tainable.
CASE 4: A white, married female, aged 47, was first

examined on September 12, 1948, at which time she com-
plained of headache, weakness, loss of weight, swelling of
ankles, and palpitation. These symptoms had been getting
progressively worse over a period of about four months.
On physical examination it was noted that there was a

lemon-yellow color to the skin and pallor of the mucous

Diagnosis Pernicious Anemia.
Name :MreJ.P. Age 47
DATE RBC | %9Gm | Ret. WBC TREATMENT

10 848 1.64 42-71 3400 -251lcrorams
9 56 83t1 given
20 72.
12 is:
13 158
14 208
15' 11.0
16 76
18 70
19 4.2
20 275' 59-100 4.0 405'0
22 25lMicrc9rams
25 1.6 B12 given
27 3.28 69-116 2.2 4750

11-12 -48 3.70 74-225 6200
12- 3 -48 3.43 10.4 4850

17 5.33 19.1 10,600

Figure 7.-Case 4. Satisfactory hematopoietic response
to 25 micrograms of vitamin B12.

membrane. The tongue appeared smooth. A murmur, sys-
tolic in time, was heard in the region of the apex in the
heart. The spleen was not enlarged. Erythrocytes numbered
1,640,000 per cu. mm. and the hemoglobin content was 7.1
gm. per 100 cc. (42 per cent). Leukocytes numbered 3,400
per cubic millimeter. Examination of aspirated sternal mar-
row showed pronounced megaloblastic hyperplasia. The gas-
tric secretion showed an absence of free achlorhydria.
The patient was given 25 micrograms of vitamin B12 intra-

muscularly. In 48 hours the reticulocytes were 7.2 per cent,
and in 96 hours had attained a peak of 20.8 per cent. When
the reticulocytes had returned to normal numbers, another
injection of 25 micrograms of vitamin B,2 was given. How-
ever, a secondary reticulocyte response did not occur. In
about 60 days the erythrocyte count and hemoglobin were
within normal limits as recorded in Figure 7.

COMMENT ON THE CASES IN GROUP I

It may be seen on study of the charts of these four
patients that they all responded well to doses of 50
micrograms or equally well to 25 micrograms of
vitamin B12. When the reticulocyte count had fallen,
a secondary response was induced in only one pa-
tient following a second injection of 25 micrograms
of B12. This indicated that in the patients not show-
ing a secondary response the treatment was optimum
and was submaximal in the other patient. Improve-
ment was maintained in the patients with injections
of 25 micrograms of B12 repeated every two weeks.
The erythrocytes had returned to within normal
range within 60 days in all patients. The one excep-
tion (Case 1) was a patient who voluntarily discon-
tinued treatment. At the end of four months, an
examination of his blood showed return of anemia
of pronounced degree. A second remission resulted
from renewed injections of vitamin B12.

GROUP II

Three cases of pernicious anemia complicated by
combined system disease.
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CASE REPORTS

CASE 5: A 76-year-old white male of Swedish descent
entered the San Francisco Hospital in 1944, at which time
a diagnosis of pernicious anemia was made. Erythrocytes
numbered 680,000 per cu. mm. and the hemoglobin content

was 5 gm. per 100 cc. A remission was induced by injection
of suitable amounts of liver extract.
The patient entered the San Francisco Hospital for the

second time on October 19, 1948, because of recurrence of
anemia. It was learned that anemia had been well con-

trolled in the interim by injections of liver extract every

three weeks. Four months prior to the present entry, the
patient had a "heart attack" which confined him to bed
and prevented him from returning to the clinic for needed
liver extract therapy. During the previous few weeks he had
noticed the occurrence of numbness and tingling in the tips
of the fingers and toes.

On physical examination the patient appeared well nour-

ished and well developed. The skin and sclerae were of a

lemon-yellow tint. Dyspnea on exertion was obvious. There
was generalized arteriosclerosis. A slight increase in the area

of cardiac dullness to the left of the midclavicular line was

noted. The radial pulse showed gross irregularity as to rate
and volume as well as a pulse deficit. The vibratory sense

was diminished at the ankles and toes. No abnormalities of
the tendon reflexes were elicited.
Examination of the blood showed erythrocytes numbering

870,000 per cu. mm. and hemoglobin of 4.2 gm. per 100 cc.

The color index was 1.7. Analysis of the gastric secretion
revealed achlorhydria which persisted after the injection of
histamine. Aspirated sternal marrow showed pronounced
megaloblastic hyperplasia.
On October 23, 1948, 50 micrograms of vitamin B12 was

injected parenterally. At 48 hours the reticulocytes had risen
from 1.3 per cent to 5.3 per cent and in 96 hours had at-

tained a peak of 32 per cent. Examination of the sternal
marrow at this time showed erythroblastic and normoblastic
hyperplasia. On the 15th day the reticulocytes had returned
to pre-treatment level. Erythrocytes numbered 3,000,000 per

cu. mm. and hemoglobin was 7.5 gm. per 100 cc. The bone
marrow showed a normal myelogram. By this time the pa-

tient's ability to discern the vibrations of the tuning fork had
returned and the paresthesias of the fingers had disappeared.
Two weeks after the first injection of vitamin B12 the

patient received a second injection of 50 micrograms to de-
termine whether or not a second reticulocyte rise could be
induced. This did not occur.

Sixty days after treatment was instituted, erythrocytes
numbered 385,000 per cu. mm., and the hemoglobin was 89
per cent of normal. The disease was complicated at this
time by the occurrence of cardiac decompensation for which
it was necessary to hospitalize the patient. Data on this
patient is shown in Figure 8.

CASE 6: A white male, aged 65, was admitted to the San
Francisco Hospital January 28, 1949, complaining of numb-
ness and tingling in the fingers and toes. He stated that two
years before entry he had visited a physician because of the
appearance of a yellow hue to the skin. A diagnosis of
pernicious anemia was made, and he was given injections
of liver extract three times a week for two weeks and then
once a week for five months. He did not return for con-

tinued therapy because he felt sufficiently improved. Eight
months following the cessation of the original therapy, there
was exacerbation of symptoms, and the patient again con-

sulted a physician. He received injections of liver extract
over a period of eight months when, because of a feeling of
well-being, he again discontinued treatment.

Six weeks prior to entering the hospital he noticed numb-
ness and tingling of the tips of fingers and toes. This pro-

PERNICIOUS ANEMIA
(IN RELAPSE)

NAME: Mr. L. AGE:76
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Figure 8.-Case 5. Changes from megaloblastic to nor-
moblastic marrow accompany hematopoietic response.
Paresthesias due to combined system disease subsided 15
days after injection of 50 micrograms of vitamin B12.

gressed in severity to the point that for the preceding two
weeks he had experienced difficulty in walking. He was
uncertain as to the stability of his feet, necessitating the
watching of his feet while walking. Also, in the preceding
two weeks he found it necessary to spread his feet farther
apart in order to maintain balance. He also noticed diffi-
culty in writing and in handling small objects.
During the preceding two years his weight had dropped

from an average of 185 pounds to 155 pounds. There was
no history of sore tongue. There was no history of pernicious
anemia in the family.
On physical examination the patient appeared older than

his stated age. He was underweight, the hair was white,
the skin appeared "lemon-yellow," and there was a mild
icteric tint to the sclerae. The tongue appeared smooth and
was not "beefy-red" in color. Examination of the nervous
system revealed hyperactive biceps and patellar tendon re-
flexes. The Romberg test was designated as postive. The
vibratory sense was diminished over the feet.

Erythrocytes numbered 1,400,000 per cu. mm. and hemo-
globin was 4.8 gm. per 100 cc. of blood. The mean corpus-
cular volume was 109 cubic microns, and the mean cor-
puscular hemoglobin 40 micro micrograms. A bone marrow
specimen aspirated from the sternum contained 37 per cent
megaloblasts. The patient had histamine-fast achlorhydria.
On January 28, 1949, the patient was given an intra-

muscular injection of 50 micrograms of vitamin B12. On
this occasion the reticulocytes were 0.7 per cent but within
72 hours had risen to 6.4 per cent. In 96 hours they had
attained a peak of 24.4 per cent following which they re-
turned to pre-treatment level. On February 18 the patient
received an injection of 25 micrograms of vitamin B12. This
was followed by a secondary rise in the reticulocytes to 8 per
cent.

Seven days after the first injection of vitamin B,2, the
patient noticed a lessening of the paresthesias in the hands
and feet. At the same time, he began to gain in strength,
his gait became more stable, the Romberg was recorded as
negative, but no change was noted in the tendon reflexes or
vibratory sense.
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Diagnosis Pernicious Anemia
Name: Mi:CE Age 65

IWDE RBCgbI Ret WBC FPI PME PMB LL MO. TREATMENT
1-28-49 1.40 0.7 2700 50-5 1 40 6 -50 wierogr-oms
30 9o0OOc 29-43 0.4 3600 37-2 1 36 4 B, given.
31 95050ce32 -47 64 7700 38-2 3 l 50 6

2-2 -49 2.10 36-52 24.4 26C0 26-7 1 6I
4 2 60 45-65 23.5 2800 30-6 2 57 5
6 2.60 45-65 18 0 4360
9 3510 49-70 12 0 5200
12 3.00 52-75 6200 55-1 2 42
14 320 66-96 6400 62-2 1 30 4
16 3 35 66-96 4900 59-1 l 1 34 4
18 3 30 69-10 l. Al,c,-wr-,s
21 341 69-10 6000 60-2 I 35 2 B, gin
28 4.41 83-120 7550

Figure 9.-Case 6. Satisfactory hematopoietic response
to 50 microgranms of vitamin B12.

Sixty days after treatment was started, erythrocytes num-
bered 4,410,000 per cu. mm. and the hemoglobin was 83
per cent of normal (12 gin. per 100 cc.).

CASF 7: The patient, a 48-year-old white female, was
known to have had pernicious anemia for 15 years with
sporadic treatment. When examined on December 16, 1948,
she complained of numbness and tingling in the fingers and
toes, a loss of sense of position, and difficulty with loco-
motion.

Examination of the nervous system showed the vibratory
sense to be absent fronm both feet and knees; position sense
was absent in both big toes, and the patellar and Achilles
tendon reflexes were both exaggerated. They were recorded
as 3 plus. Examination of the blood revealed a slight macro-
cytic anemia. Erythrocytes numbered 3,940,000 per cu. mm.
and hemoglobin was 11.4 gm. per 100 cc. (80 per cent).
She had histamine-fast achlorhydria. The patient was given
intramuscular injections of 50 micrograms of vitamin B12
on December 16, 1948, and January 6 and January 31, 1949.
Neurological examination on the latter date revealed that
the vibratory sense had returned to both knees and both
ankles. Position sense had also returned to both great toes.
The patient volunteered the information that there had been
definite improvement in the gait. The ervthrocyte count had
increased to 4,430.000 per cu. mm. of blood.

COMMENT ON THE CASES IN GROUP II

In this group of three patients attention is again
called to the excellent hematopoietic response to
injections of vitamin B12. This is indicated by the
increased number of reticulocytes appearing in the
peripheral blood within 48 hours and attaining a
peak response in 96 hours after treatment was
started. In two patients the response was optimum.
In one patient (Case 6) the response was submaxi-
mal wherein a secondary reticulocyte response ap-
peared following the second injection of vitamin B12.
The neurological symptoms complained of by

these patients varied in degree. In one (Case 5) they
were minor, and consisted of numbness and tingling
of the fingers and toes, and inability to discern the
vibrations of a tuning fork over the feet. These
symptoms had disappeared entirely by the 15th day
following the injection of vitamin B1.,. In the other
two patients, the neurological changes were ad-
vanced to a further degree. These consisted not only
of paresthesias and loss of vibratory sense, but loss
of position sense and disturbances of locomotor
function as wTell. In one patient (Case 6), seven days
after treatment was started the paresthesias were
greatly diminished and the Romberg test became
negative. The vibratory sense, however, remained

impaired. In the third patient (Case 7) when exani-
ined six weeks after treatment was started, there was
return of vibratory sense, return of position sense
and pronounced improvement in locomotion.

GROUP III

One case of pernicious anemia complicated by
pregnancy and sensitivitv to liver extract.

CASE REPORT

CASE 8: The patient, a white female, aged 31, was first
examined in AMay, 1947, when she was foundl to have macro-
cvtic aneniia accompaniied by gastric achlorhydria. Erythro-
cytes numiibered 3,200,000 per cu. mm. and hemoglobin was
12.5 gin. per 100 cc. The patient was given intraniuscular
injections of 40 units of liver extract once a week for six
weeks. The reticulocytes attained a peak of 6 per cent and,
at the end of this period erythrocytes numbered 4,360,000.
The geeneral condition inmproved and the patient remained

well onl injections of 20 units of liver extract every ten days.
On November 12, 1948, the patient reported that after eads
of the last four injections she had suffered considerable
pain, redcness and swelling at the site of injection, which
subsided only after two or three (lays. The last injection was
fuirther complicated by nausea and a generalized urticarial
rash. At this time the patient was five months pregnant.
It was believed that she had become sensitive to liver
extract, and it was necessary to discontinue this form of
therapy. On January 6, 1949. erythrocytes had decreased to
3,120,000 per cu. mm. of blood, and hemoglobin to 10 gim.
per 100 cc. At this time an intramuscular injection of 25
micro1,rams of vitamin B,2 was given. Reticulocytes in-
creased to 12 per cent and on January 20. 1949, erythrocytes
numlered 4,340,000 per cu. mm.

COMMENT ON THE CASE IN GROUP III

Case 8 is clearlv one of Addisonian pernicious
anemia that had been adequately treated on liver
extract until the course of the illness became compli-
cated bv pregnancy. Subsequently, the patient be-
came senisitive to liver extract and further use of
this medication was discouraged. There was an
interim of several months when the patient could
not be given liver therapy and during which time
there was recurrence of anemia of slight degree.
When vitamin Bl2 became available as a therapeutic
agent for this patient, there was a satisfactory re-
sponse of the blood following an injection of 25
micrograms. There were no signs of drug sensitivity,
such as were exhibited when liver extract was given.

DISCUSSION

In the eight patients whose case histories have
been reported here, satisfactory hematopoietic re-
sponse occurred in all following an initial injection
of 25 or 50 micrograms of vitamin B,2. An increase
in reticulocytes became apparent in the peripheral
blood usually within 48 hours and peak response
was attained within 96 hours. In these patients the
peak of the reticulocyte response ranged from as
low as 9 per cent to as high as 32 per cent. In none
of the patietits were there the maximal reticulocy-
toses up to 40 per cent or more as indicated by
Isaacs' formula (i.e., the greater the degree of ane-
mia, the more pronounced should be the reticulocyte
response). It is well known that such factors as

26 Vol. 71, No. I



July, 1949 VITAMIN B12 IN ADDISONIAN PERNICIOUS ANEMIA 27

arteriosclerosis or low grade infection may modify
reticulocyte response. However, the conversion of
the bone marrow from one of the megaloblastic
(rubriblastic) hyperplasia to one of normoblastic
(metarubriblastic) distribution accompanied by a
return of ervthrocytes and hemoglobin to normal
levels within 60 days indicates that satisfactory re-
mission had been induced.
No better initial response is likely to be obtained

in an uncomplicated case of Addisonian pernicious
anemia by giving larger dosesi of vitamin B12 than
those used in the cases reported. Since two of the
patients, one having received 50 micrograms and the
other 25 micrograms as initial injections, showed
secondary reticulocyte response on second injections
of similar amounts, it may be stated that some pa-
tients will require greater amounts than others to
produce absolute optimal effects. Experience in the
use of vitamin B12 in a larger group of patients will
be required to help solve this problem.
Some investigators recommend that vitamin B12

should be given in certain dosage (e.g., 10 micro-
grams once or twice a week) in order to obtain satis-
factory remission and maintain the blood cell count
at normal levels. Information at hand suggests that
vitamin B12 is the effective agent in liver extract
and that its action is similar to that of liver extract.
It may be well, therefore, to adopt criteria which
have been applied to liver extract and give larger
individual dose injections at longer intervals rather
than smaller doses at frequent intervals. Clinical
studies imply that the anti-pernicious anemia activ-
ity of one microgram of vitamin B12 is approxi-
mately equivalent to that of one U.S.P. unit of liver
extract (Rickes). The intramuscular injection of 60
micrograms of vitamin B12 should be the minimal
amount to effect a satisfactory reticulocyte rise and
cause a return of the blood to normal in 60 days.

In preliminary work the authors have started out
with initial doses of 50 micrograms but more re-
cently have reduced this to 25 micrograms, to be
repeated every two weeks until the blood has re-
turned to normal. An injection of 30 to 50 micro-
grams at intervals of one month should be adequate
to maintain normal erythrocyte and hemoglobin
content in the blood.

Originally it was found that, in the treatment of
Addisonian pernicious anemia with raw liver, the
early manifestations of combined systenm disease
were arrested or completely abated in due course of
time. In the process of purification of liver extract,
it was thought that this activity might be lost in the
discarded'side-fraction or might be totally destroyed.
This was not entirely so. Although some of the fac-
tors mav haxe been removed during the process of
concentration, liver extracts on the whole have
served well in ameliorating or stopping progression
of the combined system disease. Unfortunately, this
has not been the case with folic acid. Clinical expe-
rience has taught that this is not a safe drug to use
in the treatment of pernicious anemia because it
does not have a curative effect on the combined sys-
tem disease or prevent its development.

With regard to vitamin B12, our experience is in
keeping with that of Castle2 and Spies'2 that in the
cases of early combined system disease there is
prompt relief from the paresthesias arising from
degeneration of the posterior columns. In patients
with moderately advanced disease, there may be
complete relief of paresthesias and amelioration or
complete disappearance of symptoms arising from
the lateral descending pyramidal tract.

At present under observation is a group of pa-
tients whose paresthesias, loss, of vibratory sense
and spasticity of gait have persisted in spite of large
doses of liver extract. Recently, these patients have
been given injections of vitamin B12. Objectively,
little change can be detected in their condition, but
their spontaneous admissions are to the effect that
they feel better and have noticed improvement in
locomotion.
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